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Dynamics and Variability of the Plasmasphere Observed
Synchronous Orbit

Mark B. Moldwin 1, Michelle F. Thomsen, David J. McComas,
and Geoff D. Reeves
Space and AIrmspkric Sciences Group. Los Alornm Narmtul IAunmrory. 1AMAlmnos. Ncw Mtixico

from

Abstract. The behavior of the cold ions in the outer piasma..phere is studied using data obtained
with the magnetospheric plasma analyzers from multiple geosynchronous satellites. Dense ( 10-
I(K) cm ‘3). cold (= I eV) regions of plasma arc often observed at geosynchronous orbit; in this
study we refer to these as plasmaspheric intervals. The durntion, local time of observation.
density variability. nnd tem~rature behavior within these regions often depend in a systematic

way on gecsmagne[ic ard substonn activity. With increasing geomagnetic ac[ivity (as indicated

by Kp) the plasmaspheric regions are generally observed over shorter durations and istearlier
local times. With increasing substorrn activity (as indicated by geosynchronous energetic
electron inptions) the density tucomes increasingly variable in these regions. Occasionally, up

trs order-of-magnitude density variations m-e observeJ over several minute timescales

corresponding 10 regions with physical dimensions on the order of I (NO km or less. The
appearance of these short-duration, cold-plasma intervals is strongly correlated with energetic
ion and electron signatures both at the :pacerxrfl making the plasmaspheric observations irnd at
oiher spacecraft observing simuhmw Isly in the midnight region. Such energetic pariicle
signatures are indi~ative of the growth t.ml expirnsive phase of geomagnetic substorms. We
conclude that the appearance of these short-duration, pkssmaspheric inlervuls is due to a
reconfiguration of the rluskside magnctosphele during geomagnetic suhs[orms.

Introduction

The densi[y sh-ucu.m of [hc plmmusphcrc htis ttecn studied

cxtcnsivcly ‘.incc [hc beginning or [hc Spircc Age. The cirrly iII

situ smdics [Grirrgmc 1962] and gmursd-tmscd whisllcr shsctics

[Clrpenfm, 1963] of [hc rirdial cxtcn[ 01’ [hc pkrsmusphcrc

revcishxt locirl time tisymmc[rics in both [hc noon-rrmtnigh[ irnrl

dawn-dusk dircclirm. The dusksidc pkrsmmphcrc wils shrswn 10

he more highly wrriishlc in rmliisl CXICIN, ml on isvcrirgc 10 cxlcnd

futihcr OUI in L-shell. This region hxrmc known m Ihc dusksidc

hulgc Sutwcqucrr[ studies or (his rcgirm found lhis[ Ihc mrlirc

plusmissphcrc, including Ihc hulgc rcgimr, wus ksrgcr when Kp

wus smirll nnd Vice vcrsii Ic.g., Cw-ptwrr rI d., 1966, 1970]. The

Imxrl-[irnc of the hulgc region moved from pust-dusk during quicl

[imcs ~~wilrlts noon wi[h incrcusirrg Icvcls ot’ gcnmilgrrc[ic

il~tivity. Nishida I I 966] !hcorclicirlly shdicd [hc plnsmirsphcric

hulgc region by cxismining lhc cquipo[cn~iills (or IIOW lines 01’

/,crn energy pmliclcs) in [hc inner mngnciosphcrc tIy su~rpsing

[hc rorotulimr clcclric Iicld wi[h ;I dirwn-dusk convection clcclric

Iickl, The rcsuhing Icimlrop sh;lpcd ‘mpltisnlilptius~” wilh ils iIpcx

UI Ilw su.rgnmion region isI I MOO 1,T hils hccn Ihc I’irsl-order

pilrildigln of [hc plilSlnilllilUSC I(Kill h Cvcr SIIICC, “rhiS is dt!spi[L’

msmcrwrs slm.lies (WC (“firpfvlfrr f’1 d., I 19’)3 I I’m rulcrcnum)

[hill SII(IWL’LI IhC plilslllilsphcrr. pilfli~tllilrly [h~ Arsksidc hlllgl..

WilS II(II WCII CXplilillCd hy Ibis simple lll(RIC1.

I NOW ;II IJl(wida Institum ()( Tuchnolt)gy. I]cpnr[mcn[ O(

I’hysics mid Spiscc Scicnccs, Mclhournc 1‘lorklil,32W I



This paper will briefly present some rrhservatirms made wi[h

an unique suite of Iow-e,sergy plasma analyzers thisi are currently

fielded on three synchronous orbil spacecraft. This snrciy will also

make use of energetic p~rticlc memurcmcrr[s rihrincd by [hc

siime sa[ellite, plus four oihcr synchronous spacccraf[. Tnc

combination of [hesc multiple synchrrrrrrrus spacecraft da[asc[s

crcmcs a unique capuhility 10 monitor tkc duskside oulgc

configuration on a quasi-global scale m u function of changing

gcnmagne[ic and suhslorm col.rli[ions. hluch of Ihe work [hu[ we

presented at lhc I oth Tm_rs worl .:hop on Lhc Eisr[h-s Trapped

Radialion Environm.enl has been puhlishcd elsewhere [McComn-

eI d., 1993; Moldwin eI d.. 1994a,h]. This shor[ paper will

briefly summarize some of the r-csults contisincd in [hose works

and will highlight the main rcsul[ 01 [hc [elk ([he rcla[irrrsship

Mwcen [he em: gc[ic particle flux hehisvior and lhc apfhmmncc

of plasmasphcnc plasma al synchronous orbil). A more detailed

shrdy of [his [epic is in prcptrra[ion for submission 10 [hc

Gwphysicul Rtsmrch IWIrrs.

Observations

This s[udy uscs dala from the nmgnctosphcric pkssmti

mriilyzers (MPA) [ha[ arc currcn[ly Iicldcd on three synchronous

spacccrisfl ( 1989-046. 1990-095, and 1991 -(H)). Wc will only

prcscrst rcwrhs from 1989-046 (Iocalcrl irI 165°W) arrrJ 1990-095

(Iocmcd between 700 nrrd 1020E). A complclc rlcscrip[ion ol (hc

MPA inshumcn[s is given by hone CI d. 11993]. Wc uko u[ililc

iht encrgeiic particle dahr rsb(ained wi[h [hc synchronous orhi[

pntiicle trmslyzcrs (SOPA) frcldcd rrn the sismc lhrcc satcllihx. In

addition, wc usc cncrgelic purliclc mctisurrmcrsls frnm the

charged pisr[icle mslyzcrs (CPA) Iocirlctl on IWO ohm

synchrrrrrrrus spacccrirfl. Dmils of [hcsc inslrumcnls tire given by

IJdion tv d. I I 992 I and HiKbir rf d. I 19711], rcspcclivcly.

C:]mhining MPA umi SOPA (or CPA) ohscrviltiorrs prrsvirlcs

mcnsuremcn[s of hn[h ions imd clcclrrrrrs nvcr Ihc energy rmrgc of

i:ppm~inlir[cly I CV 10 scvcml McV,

Wc usc MPA mc~lsurcmcnts 10 idcn[ify pltismusphcric

inlcrvills, which wc dcfirrc ils hcing piusnur [hu[ is ho[h dense

(>10 CM-3) and sdd (=1 cV). Figure I shows [hc dcnsIIy ml

tcmprm[urc profiles (or ;I plwitnilsphcric in[crwrl ohscrwf on

April 19. 1993. wilh spncccridi 19H’W46. There is gcncmlly m

inverse correlation bclwccn lhc numtrcr drrr:.ily ilfld Ihc

[cmpcnr[urc ol” [hc Iow-energy il]ils: nnmrly, [h? higher Ihc

dcnsi!y, Ihc cooler [hc lcnlpcr;uurc. This rulil!i:ms,lip II:IS hi-CIl

comp:wc~J II) prwlklhrs for [hc km-cyclohwn insliih; ii[y hy (;(iry

(’I (II. [ 1994]. Wc irlso find [hill [hc vilrinhilily in II c dcnsi[y in

(hcsc pl;lsmmiphcric in[crvtils is corrcl;l[ml wi[.1 illcrc;lsing

gcomilgnc[l~ ilc!ivi[y (ils indicir[cd hy hi},. ::::fl I;; Ixlr[iuulilr wilh

individuill suhstorm il~livily lkf(~hhrirt (’I fI/. 19[J4hl. ‘1his

rclilli[mship is SIIIIWI1 in I;igurc ?. whic!l plms [hc pwwnc[u: V(II

(Ihc poinl-lo-poinl dcnsily viwiilhili[y wilhin im in[crvill) ii~ il

funclion ol Kp Thr [~lllporill vilri:lhilily ill IIIC dcnsily CiIII k

u(mvcr[ml II) i) Spil[iill s~ill~ if ~~ ti[inlil[c IIIt vclol’ily :11whil”h

[IN*w x[lll(.[urcs piISS Ihc spil~~~rill(. I [sing Iypiu;ll dllsksldr

vuhjcilics lllCilSllrCd wilh clculric I’ickl mwlsurcnwnls in 1111’

- I : /hWjoh(lm (’/ (d, I ‘)M5 l),pl:lsnliwphrric hulgu rcpiwl (.I km s

lhCSC dCIISC fllilSlllil rc~i{ms hilvl’ lL’llg[hS <l(M)() kill.



Wc also find a syslema[ic behavior 01 [he energeli~ ions and

elcc[rons during [hc short-thmslion plissmnsphcnc cvenm. Flgurc

3 slwrws Ihe cnerge[ic ion and clcclron fluxes for [hc same

interval shown in Figure I. The inlcrval of plasmasp:”cnc plasma

is indicu[ed try the \ertical lines. Plasmmpheric plasma is

observed in !hc flux decline preceding an ener~clic particle

injection. The exil from the plasmasphcrc wcurs -20 minu[cs

before the injeclirrn. The beginning of the dropout of cncrgctic

prsrticlcs N geosynchronous orhi[ has trwn inturprctcd as lhc

beginning of [hc grow[h phase of a geomagrrelic sutrsmrm [e.g..

Eukrr wrd A4cP/rtwon. 199 I ] while the simuhaneous injcdiwr rrl

fmrh ions and elccmons in [hc midnighl region signals he onset of
a subslorm Ie.g., &JUIIaM/ iirsd Winckfrr, 1980].

The lime of sutrs[orm rrnsel is compared to lhe cmry and exit

times of he plusmasphenc irucrvtils in Figure 4. Entry (circles) rrr

exi[ (diamonds) limes coincidcn[ wi[h [hc suhskmrs crnscl would

Iic on [hc diagonal Iinc. The plasm~sphcric intcrvtsls were

typicislly cmcred appmximalcly an hour prior (o subslorm onsc[

a ;d were Ief[ ispproximidely ir hall’ hour after mrsct. Of [hcsc 15

intervals with no more Ihnn onc rrnsel within +1 hour of [he

inlervrsl. only rmc did nol have a clear subslorm signislurc. This

cfcmonstralcs that ihc shoti-slura[mn, phrsmisspheric intervals arc

highly corrcla[cd wilh sutrs[orm isclivi[~. For ihc 2 evcnls Ihu[

ohscrved Ihe plissmaspheric inlcrval in [hc injcc[ion rcgiun

(Figures I and 3 show rrnc of lhcsc Iwo cvcrns), [hc in[srvols

occurred during Ihe grrrw[h phase rrt’[he sutrslorm.

Interpretation and Conclusions

We inlerpre[ [he s[rong corrckstion 01’ [hc shorl-duro[ion.

plirsmtispheric irs[crvals wi[h suhsmrm sigms[urcs in Ihc cncrge[ic

pisrricles m signifying (hid [he plasmasphcric regions ohcrvml in

[hc rrulcr magnckrspherc arc Imrughl IIUI hcyoml synchronous

~orhi[by ti reconfiguriiiion of Ihc dusksidc mugnciosphcrc during

[hc subslorm sequence. Thcrmisl ion motion is govcmcd by ExB

drili; [hcrcfrrrc. on oulwml molimr d’ u Iillrd plmmasphcric Ilux

tutrc requires irn castwurd clec[ric Iicld wl[hin [hc plasmissphcrc.

During [hc growlh phnse 01’u gcomagrsclic subslorm, an usiwirrd

induc[irrn electric field is gcncra[cd in [hc midnight region duc 10

[hc c:wthwirrcf mo~icrn ot’ the plusmis ‘;i;~ct/currcn[ shcc[ Ihir[

‘Wrc[chcs” Ihc dipole Iield inlo is more Iiril-like crmfigurtilirrn

IC.g., McPherron. 19701. Mugnctic field Iinc slrc[ching and Ihc

uccompmricd cncrgctic clcsxmn dcurcissc him been sys[cmtiiicdly

oh.served 10CXICCLJfrom Ihc midnigh[ region m normward of dusk

during Iilrgc suhsiorms [hf,~gui, 19H2a.hi. Eas[warcl clcc[ric Iiclds

lWIVC also trccn dcduccd from whis[lcr mcasurclncn[s in Ihc

Arsksidc hulgc region duI ing [hc suhshmn scqucncc lc.g.. Arks,

I ~J7H; (“tdrpmfrr (JI d., 1979]. Thcrcforc. I!rc (Josksklc hulgc

region is fipptircnlly populistcd by rk[nchcd pl~smil rcgiuns [e. g..

OIIIp@/, 1974], or plirsrmr luils Ic g,. Mqsward md Chcn, I ‘)75].

or is chimwtcritcd try :1 lmgc-scale, r;lpid %rcuthing” of ihc

dusksidc plasmmphcre which is gcncriml by IIIC rcconligurd[ion
III’ [hc illncr magnc[osphcrc d~lring Ihc growlh phusc ot

grx)inilgncli~ sulw[orms. Dcrssi[y variahili[y wi[hill [hew rcgiom

is iils[) imposccl hy ltw suhslorm clcc[ric fields.



References

Boker. DN. and ILL. McPhcrmn, Ex[remeenergc[ic panicle dccrcosc{

near geos[a[ lonary orhII. A man:(esl alien ofcurrcnl rJi\:rslon w][hln

Ihc inner plasma strcc! Ah, Spu{eRe.f., /(), (’J)l~l 1990

f3ame, SJ,, D.J. McComm, M.F Thomsen, BL. Ewr~clo,lgh, RC.

Elphic, J.P. Glore, JT. Gosllng. J.C. Chavez. E.P Evans, and FJ

Wymer. Magnetospherlc plasma anolyzcr for spacecraft wl[h

crmslra]ned rwources, RcrIew.sof Sciarli/i( hrrfrumenr.r. 64. 1026.
1993,

Bmmiohanrr, W,, G, Hacren&l. F. Mclzner, Magw[t~spklicconvccti{Jn
,>~~ewe~~l~ce”(wmtind 21(X) LT. Vtia[iomwi[h lip J. (;ef~phy.!.

Re.!., w. 393, 19(I5

Bclian, R.1)., G.R. Gisler, T. Cayion. and R. Chris[enscrr. High-Z

cnerge(lc pwticlcs OI geosynchron,.. ~s orhi[ rJrrrirrg [hc grco( solar

prutoneven(wricsof octohcr 1!S9. J. Gtv}phv.v. Rr:,., 97, 16697,

1992.

Cqrcn[cr, D.L.. Whis[lcrevirJencc ol a “knee” in (hc magnelmphcnc

irsniur[io ndensi(vp-~rrle,J. (;ef@I}.r. Ret, frh, 1675, 1963.

C~rpcn[er, D. L,. \Vl_risllcr s[urfies of the pltismap~usc III IITC

m~gne[ospher:, 1, Tcmpord va.rmtmns m the posl[ion of[hc knee and

somccvidcnce ]n plwma mo!iorrs near he krww, J. (IecIp/ITs Rt.r ?1.

693.1966.

Cqrenlcr,D ‘_. C.G. l+rrk, mdT. R. Miller, A rnudcl ofsuhs(olmlclccmc

lieldsin lhcpl&smapausc b~scdt]n whisllcr{lala. J. (;l’rIp/IT!. Re.r., h4,

6559, 1979

Curpen(cr, D. L,, f3, L, Giles. CR, Ch:(ppell, P.M.(3. l)~cr~ou, RR.

Anderson, AM. Pcrsoon. A.J. Smi(h. Y. Corcrzff, irnd P. Cwr,l.

Plmmasphcrcdynmmcs in [he rlusksidcbulgc rcgiorr A rww look w

anold(opic. J, (;ef@Iv.v. Rt.r,. Yi+ 19?43. 19!/3.

Chfippcll, CR,. Drt::ched plosnla rcgi,ons in (hc m~gnc(osphcrc. f

Geo/~/l}.r.R(,s,,7Y, 1861.1974.

G:lry. S, P,. M B, Moldwin, M.F, Thumscn. l). Wirr, kc :Ind I), J

McConlas. Hm prolon anlmlropws imd cr.)1 prolml lcmperolurcs In

Gnngauz., K. I., TIIc s(ruc[urcof Ihc Iorrimd g*srIIvclo~ ufcarrh frtml

dirccl mcmurcmcnts in (hc US S.R. of Iocul churgcd pur[lclc

conctmtwllonsq PllIIItr, .Sp[IIeSII, 11, 281, 1963,

t{lgtric, P. R., R 1), Hcliun. md 1). N. Hakcr. High-rcst~lu(lt~ncncrgctlc

pmliclc Incosurclncnls w 6.fI Rc. 1, clcclmn llllcrt)ptllh;\llt]nk. I

(;c/+@ Res,. H3,4H51, 197H.

Moynard. NC,. :Ind A.J (’hen, lstIloIc I_I CIJICI plwma rcgi[)ns

ohscrv~d]onsimd [hcirrcl:mnn l[)~)ssihlcprt)ducrion mcchmrlslms. J

(;f{)/J/, r\ //f ’(, /((), I!)w, 1975

Mc[’oIII;L\. 1).J,, S,J, flJ,,;c, H !., Hwraclough, JR Ilmwr, K[’, Ulp!uc.

J.T. Ci[)siling, M (i Moldcuirr. K R. Mtmr~, tind hl. F. Th{jlllwn.

M:lgnc[t)sphcric plmmo :Inalylcr (MPA). lI!IIIizl !hrcc-\p~:cccrol(



Nlshida A.. Fm-rnmirmO( plmmapnuw. m magnelosphericplasma knee.
hy lhc comhincd aclirrn Of mtigncmsptnmictxmvccliorr and plasma

cwa~ from Ik Iail. J, (h~phy,s. Re,r., 7/. 5669. I %6.

Parks. C, G., Whiwler rrh.servmions of suhs[orm elwxric fields in [hc

nighlsideplurrmsptwm, J. (hphyf, RrJ.. K?. S773. 1%’H.

Smrvaud. J.-A.. and J,lt, Wincklcr. Dynamics 01’ plasma encrgttic

pimicles and fields near synchronous nrhi[ in Ihc nigh[tirrw .wc[or

during magneIosphcric wshsmmw. 1. (;roph.t Rr.K, #l.$, ?043, I Yiio.

M.B. MrrlsJwin, FJm-ida Ins[instc of Tcchnolo.rjy. Dcpmrrrwm of

Physics and Space Sciences. 150 W. Univcrsily. Mtlhoumc Florida.
?~~l

I>, J, M :C’wnm,, G, I). Rccvcs and M.F. Thornwm. Los AkwIus

Naliorml L.~hormory. Space Scicncc msd Technology I)ivision. L(IS

Ahmos, NM 117545.



MOLDWIN ET AL.: VARIABILITY OF THE OUTER PLASMASPHERE

MOLDWIN E I’ AL.: VARIABILITY OF THE OUTER PLASMASPHERE

MOLDWIN ET AL.: VARIABILITY OF THE OUTFR PLASMASPHERE

MOLDWIN ET AL.: VARIABILITY OF THE OUTER PLASMASPHERE

n40Li)V’lN ET AL.: VARIABILITY OF THE OUTER PLASMASPHERE

MC)LDWIN ET AL.: VARIABILITY OF THE OUTER P1.ASMASPHERE



Figure 1. The dcnsi(y am! [cm~r~[urc of [hc Iow-energy ( 1-120 CV ) iurw uiwcrvcd wi[h 1WIY-(M. on April 19,

1993. The in[crval of plnsmmphcric plasma cxlcndcd from - (W-W LITh! - I(M) , T..

Figure 2. The relis[imrship nl [hc s.lens.iy vilriistiurr wi[hin Ihc plw+musphcric irslc~ttils (ilk indiutilul by Ihc

piimme[er Vm [Mddsv,n PI al., I IJWI]) WKI IhC II.*.ICI of grmw. :Iclic ~chvi[y M indicis[ed by Kp.

Figure 3. The cncrgchc clccmun (E -50- 3(M) k..V) m-solion (E- 5(J - 2(N) 4cV ) I-mhnvior during lhc silmc in(cryisl

M shown in F@urc 1, The vcrtital Iincs dcsipmiic [m time 01’[hc pkwmfisphcric in!crwd.

F@srs 4. The cn(ry (circles) ml cxi[ (diamonds) [imc~ 01’[hc shnfl-duril[irm plissmusphcric inlcrwds plINIcd m N

funclirm of lhc [imc of suhslorm onsc[ ;Is dc[crmincd (mm cnrrgc[ic clmuron IN inn injccliorm olwwrvcd m

synchmrrmss rsrbil,

Figure 1. The dcnsi[y tirl~ [cmjwrumrc of lhc Iow-crwrpy ( I -120

CV ) iuns ohscrvcd wi[h 1989-046 on April 19. 1993, The inlcrvtil

01 plxsmasphcric pkrsmn cxlcndcd from -OY40° UT 10 - I(HN)

lJT..

Figure 2. IIIc rclulimrship 01 [hc dcnsily v;wiillion wilhin [hc

plasmissphcric in[crv;lls (M intlicti[cd try [hc pmsmclcr k’~~r

Ikfddwin rI d., 1994h] ) isnd [hc Icvcl of gcomagnc[ic isu[ivi[y M

indicti[cd hy Kp.

Figure 3. The cncrgciic clcc[ron (E -50- 300” kcV ) tind ion

(E-50 - 2(N) kcV ) hchuvior during [hc same imcrv;d us shown in

l;igurc 1. The vcr[icul Iirws dcsignmr [hc Iimc 01’ (hc

plnsmwphcr;c in[crvnl.

Figure 4. The cmry (circles) wsd cxil (diismomls) [imcs ot [hc

sh(~rt-durilliwr plmmwphcric inicrvols pltNIcd ils u lunslion of Ihc

[imc 01’suhstorm onscl ;.”;dctcrminrd l“rom cncrgc[ic electron or

inn injcciiuns olwcrvml :1[synchronous orhi[.
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